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ABSTRACT: Gonadal developmental stages and temporal trends of the Turbo coronatus 
were determined over one year study period during August 2005 to July 2006 in 
populations inhabiting rocky shores of Buleji and rocks of seawall at Manora Channel, 
coastal areas of Karachi. Studies were based on histological examination of gonads as well 
as Turbo populations at two sites found in spawning state throughout the year. The gonads 
of Turbo coronatus at both localities were never found in completely spent condition, thus 
suggesting that they are partial spawners. Generally, it appears that spawning in males and 
females of T. coronatus at Manora channel is slightly asynchronous as compared to Buleji 
where spawning pattern seems to be more synchronous. Oocytes diameter in specimen of 
this species at Manora was significantly larger than that of specimens studied from Buleji 
(ANOVA: F=6.22; P<0.05). The overall sex-ratio was close to 1:1 theoretical ratio at both 
of the sites. 
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INTRODUCTION 
 
Turbinid mollusks are widely distributed archaeogastropods in tropical, subtropical 
and temperate regions. Generally, studies have been conducted on turbinid growth, sexual 
maturation, fertilization, egg mass, larval development, feeding, breeding season and 
factors effecting the spawning season in different parts of the world (Amio, 1955; Joll, 
1980; Lee, 1983; Lasiak, 1986; Komatsu et al., 1995; Foster et al., 1999; Oscar et al., 
2006). The species included for different studies are Turbo coronatus, T. intercostalis,         
T. cornutus, T. radiatus, T. brunneus, T. samarticus and T. torquatus.  
In view of geographic distribution turbinids are common components along the coastal 
system of western and southern Australia (Joll, 1975; Joll, 1980), a region which is 
included in the Indian Ocean. The countries, including Iran, Pakistan and India, situated on 
coastal belt of northern Indian Ocean, there have been few studies undertaken on the 
reproductive biology of this group. Study on annual reproductive cycle in T. brunneus from 
Tuticorin south east coast of India has been reported (Ramesh et al., 2010). From Pakistan 
comparative studies were done to assess the impact of shipping activity contaminant, 
organotin on the reproductive fitness of two turbinid species, Turbo coronatus and 
Monodonta canalifera (Afsar et al., 2013). From the waters of Persian Gulf, nickel 
accumulation levels have been recorded in tissue samples of T. coronatus (Sheykhvand      
et al., 2015).  
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Spawning, larval development, reproductive cycle in terms of gonad indices and 
oocyte diameter of T. cornutus has been described from Japanese coastal waters (Ai, 1965; 
Yamamoto and Yamakawa; 1985). 
Turbinid gastropods are commonest grazers found at all rocky shores. T. radiatus 
widely distributed turbinid species in the intertidal zone and among the coral reefs of the 
Red Sea (Eisawy and Sorial 1974). Whereas Turbo intercostalis and T. torquatus are 
common inhabitants of shallow lime stone reefs around Perth. Both species have been 
investigated for reproductive biology from western Australian coast. According to Joll, 
(1980) both species are endemic to Australia. Edible giant African periwinkle species T. 
sarmaticus (up to 110 mm shell length) utilized as food by coastal populations have been 
tested for effect of diet on growth and reproductive fitness through laboratory based series 
of experiments while specimens were obtained from the south eastern coast of south Africa.  
The aim of the present study was to establish the structure and information on gonadal 
development and spawning season to conclude species breeding cycle based on histological 
studies from Pakistan.  
 
MATERIALS AND METHOD 
 
Material collection and histological preparations: 
To study the gonadal development through histological examination, the specimens of 
T. coronatus were collected from two localities situated along the Karachi coast;  
 
Fig. 1. Map showing collection sites (*). 
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Manora Channel (24
o
48′ 45”.70 N, 66
o
58′ 28”.05 E) and Buleji (24
o
50′ 21”.94 N, 66
o
49′ 
12”.08 E) (Fig. 1). Random sampling of approximately 25 specimens were made each 
month from August 2005 to July 2006 at low tides. The specimens were brought to 
laboratory and prior to preservation for histology all specimens were measured for their 
shell length along the columellar axis to the nearest 0.1 mm. After breaking the shell 
visceral mass was removed and a piece of gonadal portion along with underlying digestive 
gland was cut down to be fixed in Davidson fluid as described before (Afsar et al., 2013; 
Afsar et al., 2014). In addition, few samples of gonadal mass were also fixed in 10% 
formaldehyde solution for histological study. The wax embedded material was sectioned 
at 3-5μm thickness and stained with haemotoxylin and eosin. Based on the gonadal 
maturation stage the temporal variation in gonadal maturity was studied. 
Gametogenic stages and spawninig season: 
Gonadal developmental stages assigned to five stages (0-4) on the basis of presence of 
oogonia, primary oocytes (immature) and oocyte coated with jelly layer (mature oocytes) 
in females and on the presence of spermatogonia, spermatocytes, spermatids and 
spermatozoa in males. 
For the evaluation of spawning season numeric ranks 0-4 were allocated to the 
different gametogenic stages (Afsar et al., 2013; Afsar et al., 2014) and for the assessment 
of spawning season data of gametogenic stages 2 (ripe) to 4 (spawned out) was combined. 
Measurement of oocyte diameter: 
Oocytes diameter in different developmental stages measured as of microscopic 
analysis of histological sections by the help of an ocular micrometer across the widest part 
of the oocytes. For this purpose, each section was divided into three sub samples of 2.5mm 
area in 3-4 specimens each month. Quantitative analysis of ovarian sections made and 
count of pre-vitellogenic (immature) and post-vitellogenic (mature) oocytes was primed 
(Afsar et al., 2014).  
  
RESULTS AND DISCUSSION 
 
The gonadal portion of 271 (144 males and 127 females) specimens of T. coronatus 
from Manora Channel and 274 specimens (149 males and 125 females) from Buleji were 
histologically examined (Table 1). At both sites mature female snails were found with 
green ovaries while in male creamy white to yellow testis were seen and confirmed through 
histology.  
Sex-ratios: 
A total of 271 (127 females and 144 males) specimens of T. coronatus from Manora 
Channel and 276 (125 females and 143 males) from Buleji were examined histologically 
during August 2005 to July 2006 (Table 1). The overall sex-ratio was close to 1:1 
theoretical ratio at Manora Channel (X2 = 1.1, P>0.05) and Buleji (X2 = 2.1, P>0.05).  
Gametogenic stages: 
Stage 0 (spent): Male acini few in numbers and contracted. Few residual spermatozoa 
can be seen. Female acini contracted few in numbers. Few residual ova may be seen 
undergoing cytolysis. 
Stage 1 (Developing): In males, acini small in size, spermatogonia and spermatocytes 
abundant. Very few spermatids or spermatozoa present in the acini. In females, acini small 
in size, oogonia and primary oocytes abundant.  
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Table 1. Sex ratios of Turbo coronatus at Buleji and Manora Channel, on the basis of 
histological examination. 
 
Stage 2 (Ripe): Male acini increase in size, completely filled with spermatids and 
spermatozoa and fewer spermatocytes. Female acini large in size, filled with ripe ova that 
forming a honey comb like structure. Gonadal area completely filled with ripe ova. 
Oogonia, primary oocytes and secondary oocytes rarely present. 
Stage 3 (Partially spawned): Male acini large but partially empty. Gonadal area 
loosely filled with unspawned spermatozoa. Female acini large but partially empty. 
Gonadal area loosely filled with unspawned ripe ova. 
Stage 4 (Spawned out): In males contracted acini, mostly empty, few acini containing 
residual spermatids and spermatozoa in conjunction with gametogenic onset. In females 
contracted acini, mostly empty. Few acini containing residual oocyte in conjunction with 
gametogenic onset. 
Site Month Total Female Male Chisquare 
Male 
proportion 
Manora 
Channel 
Aug 2005 31 11 20 2.61 0.65 
 Sep 27 10 17 1.81 0.63 
 Oct 25 13 12 0.04 0.48 
 Nov 25 11 14 0.36 0.56 
 Dec 18 11 7 0.89 0.39 
 Jan 2006 27 14 13 0.04 0.48 
 Feb 16 5 11 2.25 0.69 
 Mar 17 10 7 0.53 0.41 
 Apr 22 13 9 0.73 0.41 
 May 28 14 14 0.00 0.50 
 June 18 8 10 0.22 0.56 
 July 17 7 10 0.53 0.59 
Buleji Aug 2005 28 13 15 0.14 0.54 
 Sep 26 15 11 0.62 0.42 
 Oct 26 13 13 0.00 0.50 
 Nov 29 17 12 0.86 0.41 
 Dec 18 9 9 0.00 0.50 
 Jan 2006 23 8 15 2.13 0.65 
 Feb 26 11 15 0.62 0.58 
 Mar 22 12 10 0.18 0.45 
 Apr 26 7 19 5.54 0.73 
 May 16 8 8 0.00 0.50 
 June 19 6 13 1.32 0.68 
  July 17 8 9 0.06 0.53 
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Fig. 2. A-D, Gonadal stages of Turbo coronatus collected from Buleji (A-B) and Manora 
Channel (C-D) during Aug 2005-Jul 2006. M-Males; F-females. 
 
Reproductive pattern and temporal variation in gonadal development: 
Spent (0): At Manora, females of T. coronatus in spent condition were found in 
October, November, March, April and July. Their peak (42.86%) was recorded in July 
followed by 30.00% in March. No male in spent condition was found in November, January 
and February. In June most of the males (20%) were in spent stage (Fig. 2). 
At Buleji the spent females of T. coronatus were more frequent in the period from 
February to June, with June being the peak month (66.67%). Their lowest number was 
observed in August (7.69%). The spent condition in males of T. coronatus was noted in the 
months of August, November, January to March and in June. During these months their 
percentages ranged between 6.67 to 26.70 (Fig. 2). 
Developing (1): The developing stage in females of T. coronatus at Manora Channel 
appeared in August and persisted till November with the exception of September. No such 
specimens were found in December to February period. They reappeared in March 
accounting only 10% of the sample. However, their number increased considerably during 
May to July (21.43 to 50.00%), June being the peak month. While in T. coronatus males 
with developing gonads were present during the entire study period except, March. They 
were more in number during August to November (40.00 to 50.00%) and in April to July 
period (33.33 to 40.00%) (Fig. 2). 
At Buleji females of T. coronatus in developing stage appeared in August, September 
and January to April, June and July. The peak of activity was recorded in June (33.33%). 
However, their lowest number (6.67%) was observed in September. The developing stage 
in males of T. coronatus was slightly inconsistent during the sampling period. The present 
observations indicate highest activity in July (55.56%) and very low development in 
September (9.09%) (Fig. 2). 
Ripe (2): At Manora Channel the number of ripe females of T. coronatus was fairly 
high in all the months except, February, when no female in ripe condition was found. Their 
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peak period was in September (80.00%) and December (73.00%) but in July only 14.29% 
of females were in the ripe condition. Similarly, the males of T. coronatus with ripe gonads 
persisted all year round and their highest peak was recorded in August (50.00%) and the 
lowest (14.29%) was found in March (Fig. 2).  
With the exception of June, the ripe females of T. coronatus were present in significant 
numbers at Buleji during the twelve months of the study period. In November highest 
number (52.94%) of ripe females was encountered and the lowest number (9.09%) was 
found in February. The number of ripe males of T. coronatus varied between 20.00 to 
66.67% in 10 months of the year but increased to a peak of 73.33% in February and lowered 
to 11.11% in July (Fig. 2). 
Partially Spawned (3): At Manora in the histological sections of female gonads of T. 
coronatus, partially spawned condition was observed during August to January period with 
highest percentage (30.77) occurring in October. Similarly, partially spawned males of T. 
coronatus appeared in the population during August to January with the peak (28.57%) in 
December and very low values (5.00%) in August (Fig. 2). 
In females studied from Buleji the partially spawned stage was found from August to 
January with percentages ranging between 5.88 to 55.56. In male population partial 
spawning occurred from August to January and in July and their values ranged between 
6.67 to 38.46% (Fig. 2). 
Spawned out (4): Spawned out females in late spawning condition were found in 
seven months of the sampling period (November, January to June) at Manora. Though 
completely spawned condition was not evident. However, in February all the females 
(100%) were in this condition and the lowest value of 18.18% was recorded in November. 
The spawned out males of T. coronatus appeared in December and reached the highest 
peak (71.43%) in March and their number remained constant at about 20 to 50% till July 
(Fig. 2). 
At Buleji females of T. coronatus in spawned out stage were present in fairly 
consistent numbers in the population from August to May with slightly higher percentages 
appearing in February (37.50) and March (36.36). The spawned out males of T. coronatus 
were found during the entire study period except, September, November and July. The 
highest number (52.63%) of such males was noted in April and their lowest percentage 
6.67 was observed in August (Fig. 2). 
Spawning season: 
In T. coronatus at Manora Channel spawning males and females were found 
throughout the year. All the females (100%) of T. coronatus were in spawning condition 
in September and in December to February period. In the remaining months the females in 
spawning condition were found to range between 50.00 to 90.91%. Slightly lower 
frequency of spawning was observed in males as compared to females. Only in March all 
the males (100%) were in spawning condition. In rest of the eleven months of the study 
period their percentages were in the range of 50.00 to 85.71 (Fig. 3). 
 At Buleji also the males and females of T. coronatus in spawning condition were 
found throughout the year. All the females (100%) were in this condition from October to 
December and in May and their number never went below 66.67% in the remaining 
months. All the males (100%) of T. coronatus were in spawning condition in October and  
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Fig. 3. Showing spawning season of Turbo coronatus at Manora Channel and Buleji. 
 
May. The lowest percentage (44.44) of such males was recorded in July. In the remaining 
months their percentages ranged between 66.67 to 90.91% (Fig. 3).  
 Oocyte diameter: 
Quantitative analysis of average oocyte diameter of T. coronatus at both sites revealed 
that the oocytes diameter in specimen of this species at Manora was significantly larger 
than that of this species studied from Buleji (ANOVA: F=6.22; P<0.05). The average egg 
size of this species at Manora in different months ranged between 48.00±14.36 to 
61.45±17.23µm and at Buleji it was 35.00 ±21.27 to 63.91±18.85 µm (Fig. 4). 
In the present study the external anatomical features have shown presence of light to 
dark green ovaries and creamy white to yellow testis coloration in specimens of                        
T. coronatus on the coast of Karachi, Pakistan Joll (1980) and Lasiak (1986) described the                     
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Fig. 4. Average egg size of Turbo coronatus. Bars indicating standard deviation. 
 
same gonadal coloration pattern in T. intercostalis and T. torquatous from western coast of 
Australian and in T. coronatus from South African waters, respectively.  
The overall sex-ratios at both sites; Manora Channel (X2 1.07, P>0.05) and Buleji      
(X2 2.10, P> 0.05) were significantly in agreement with Mendelian 1:1 ratio (Table 1). 
However, deviation from expected 1:1 ratio was observed in certain months at both the 
sites that could be due to the disparity in size variations of the shells procured and 
examined. Considering our previous findings, the comparison of shell sizes of T. coronatus 
showed that specimens smaller than 16 mm size were completely absent from the 
population at Manora Channel and that the males greater than 35 mm were present in the 
population. Whereas, at Buleji male and female of T. coronatus smaller than 16 mm were 
found in the samples, however, the snails >35mm were absent from the population. The 
absence of smaller specimens of T. coronatus at Manora channel indicates low recruitment 
in this species at this site (Afsar et al., 2013).  
Gametogenic pattern of T. coronatus was divided into five developmental stages based 
on the histology of gonadal tissues at Manora and Buleji. In present study the developing 
oocytes contain obvious nuclei with a deeply stained nucleolus, vitellogenesis oocytes 
contained yolk granules while mature oocytes were surrounded by a basophilic jelly layer 
(Fig. 5). This observation is similar to study of Lasiak (1986) according to which as the 
vitellogenesis commences in T. coronatus the oocytes detach from the trabeculae and 
cytoplasm of these oocytes takes on a granular appearance due to the deposition of yolk 
granules whereas post-vitellogenic oocytes are surrounded by a  basophilic  jelly  layer.  In  
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Fig. 5. Turbo coronatus: Photomicrographs showing developmental stages in gonadal 
sections of female (A-F) and male (G-L) specimens. 
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(A-B = Ripe; C-D = Spawning; E = Resorbing; F = Spent with early developmental stage; 
G-H = Developing male; I-J = Ripe; K = Spawning; L = Spent with early development 
Abbreviations: dg - digestive gland; jl - jelly layer; lu - lumen; mo - mature oocyte (post- 
vitellogenic); N - nucleus; n - nucleolus; oc1 and oc2 - oocyte 1 and 2; og - oogonia; re -
residual oocyte; ro - resorbing oocyte; sc - spermatocyte; sg - spermatogonia; st - 
spermatid; sz - spermatozoa). 
________________________________________________________________________ 
 
contemporary except spawned out males T coronatus has shown all stages of 
spermatogenesis evident in the developing and ripe testes. The spermatogenic cells can be 
seen arranged in layers in lumen (Fig. 5). Differential gonadal developmental stages with 
several peaks of these five established gametogenic stages were evident throughout the 
year (Fig. 2).  
In T. coronatus at both sites the spawning males and females were found throughout 
the year with peak activity during September and in December to February period in 
females at Manora and from October to December and in May peak at Buleji. In general, 
two peaks of spawning activity were observed which is similar to the study of Lasiak 
(1986) who reported a distinct peak in the spawning activity of T. coronatus between 
December and February on South African coast. From the same region T. sarmaticus has 
been found to spawn during the summer - autumn period (December - April) (Lombard 
1977; McLachlan & Lombard 1981). But spawning is in winter at both sites when the wave 
action is not so rough and also temperature is low. Try to correlate the spawning with low 
temperature as has been reported in other species found on the rocky shores of Karachi. 
During present study oocytes diameter in specimen of T. coronatus at Manora was 
significantly larger than that of this species studied from Buleji (ANOVA: F=6.22; 
P<0.05). In view of our previous findings the larger egg sizes of trochid and turbinid 
species at Manora Channel suggests that mature eggs are retained for longer time in 
females at Manora Channel compared to Buleji as well as more females in ripe condition 
were found at Manora Channel than at Buleji (Afsar et al, 2014) this could be due to 
temporal variation and able environmental hazards (Afsar et al., 2013) which may 
contribute positively to set off longer retention time of ripe oocytes at Manora Channel. 
Nevertheless, the exogenous and endogenous factors that are vital in regulating 
reproductive activity in prosobranchs are poorly understood (Webber 1977).  
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